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(57) Abstract: The present invention relates to a method for difleientiation and matuiation of monocytes into IL3-R-I- CDl \c+ 
myeloid dendritic cells comprising incubating said monocytes with a combination of TFN-b and 17^-3, or functional analogues thereof. 
The present invention also relates to a composition for use as a medicament or a cell based product for clinical use comprising 
IL-3 and IFN-b, and/or, monocytes in combination with IL-3 and IFN-b, and/or, a population of IL3-R+ CDl lc+ myeloid dendritic 
cells, and/or, a population of antigen -presenting IL3-R+ CDllc+ myeloid dendritic cells, and/or, a population of activated T cells 
obtainable using antigen-presenting n.3-R+ CDllc+ myeloid dendritic cells. The present invention further elucidates the use of 
said composition for the preparation of a medicament for treating cancer, infections and autoimmune diseases and its use for the 
preparation of in vitro screening assays. 



wo 02/40646 Al lillilllliiilililiililiililliin 



— before the expiration of the time limit for amending the For two-letter codes and other abbreviations, refer to the **Guid' 
claims and to be republished in the event of receipt of ance Notes on Codes and Abbreviations" appearing ot the begin- 
amendments ning of each regular issue of the PCT Gazette, 



wo 02/40646 



PCT/EPOl/13189 



1 

GENERATION AND USE OF DENDRITIC CELLS 



Technical field 

5 The present Invention relates to the improvement of cell therapy for the treatment or 
prevention of cancer, infections and autoimmune diseases in particular in the 
development of new dendritic cells canying superior character in eliminating or preventing 
the occurrence of invasive cells. 

10 Background art 

Dendritic cells (DC) are key players in the initiation of immune responses. This cell type 
constitutes the most potent antigen-presenting cell, endowed with the unique capacity to 
cluster naive T cells. Consequently, it has been proposed as a natural adjuvant, aiming at 
the triggering of T-cell responses against poor immunogens, such as tunrror-associated Ag 

15 (TAA). The realization of clinical trials has long been impaired by the low frequen<y of 
circulating DC available In the blood. The development of methods of generating large 
numbers of DC from hemapoietic precursors has recently allowed the initiation of pioneer 
clinical trials. These trials have yielded promising results for cancer therapy. 
Dendritic cells (DC) represent a major class of antigen-presenting cells characterized by 

20 their unique ability to prime naive T cells \ Recent wori<s demonstrated the existence of 
several DC subsets which differentiate from either lymphoid or myeloid bone marrow 
progenitors A critical factor for myeloid DC development is granulocyte-macrophage 
colony-stimulating-factor (GM-CSF) whereas lymphoid DC are dependent on 
interieukin (IL)-3 for their survival On the basis of the expression of myeloid markers 

25 (I.e. CD11c) or IL-3 receptor-a (IL-3Ra) chain (CD123) expression, two types of DC 
precursors have been isolated from human peripheral blood ^. One subtype displays 
myeloid surface markers and low levels of IL-3Ra, whereas another subtype of putative 
lymphoid origin express IL-3Ra. is exquisitely dependent on IL-3 for its survival and is a 
strong producer of type I interferons (IFNs). 

30 Human myeloid DC can be easily generated in vitro by culturing monocytes in presence of 
GM-CSF and IL-4 whereas the so-called lymphoid DC have been obtained by isolation 
of precursors from blood or lymph nodes 

The GM-CSF/IL4 DC have been used in clinical trials in cell therapy ^. However, using 
these conditions, only 67% of immunized patients showed an increase In response to the 
35 treatment. Therefore it is important to improve the method, conditions or substances to 
improve the efficacity of the treatment, 

CONFIRMATION COPY 



wo 02/40646 



PCT/EPOl/13189 



2 

Summary of the Invention 

The present invention is directed towards providing a method for the production of 
superlour dendritic cells which can be used in cell therapy to eliminate or prevent more 
5 efficiently the deleterious effects of invasive cells in patients. The inventors found 
surprisingly that when monocytes were incubated in specific conditions in presence of IL3 
and IFN-p a superior type of DC could be produced. 

Type I IFNs are produced by several cell types in response to viral, bacterial and 
protozoan infections Through their multiple effects on natural killer cells and T cells, 

10 type I IFNs represent a critical link between innate and acquired immunity Recent 
studies indicate that type I IFNs might also influence DC differentiation and maturation 

Indeed, IFN-p was shown to promote monocyte differentiation into short-lived DC 
rapidly undergoing apoptosis^^. Present inventors investigated whether apoptosis could be 
stopped using IL-3. To study this, the inventors detennined the effect of IFN-p on the 

15 expression of IL-3Ra on monocytes and characterized the phenotype and T cell 
stimulatory capacity of cells derived from monocytes cultured in presence of lL-3 and IFN- 
p. The present inventors found surprisingly that indeed lL-3 could rescue IFN-p treated 
cells. In addition these cells seemed to be superior in inducing the immune system. 
A particular object of the present invention is directed towards a new type of stable 

20 dendritic cell (DC) which is more mature and is more potent in activating the immune 
system compared to other known stable DCs, Monocytes cultured in IL3 and IFN-p 
differentiate into dendritic cells with potent T cell stimulatory activities. This invention 
derives from the original and unexpected finding that IFN-p maintains IL3R expression on 
monocytes. IL3 allows survival of DC which are short-lived when generated in IFN-p alone 

25 and are therefore not suitable for cell therapy. These cells induce both TH1-type (IFN-y) 
and TH2-type responses (IL-5), which might be especially advantageous in cancer 
immunotherapy. These cells directly induce apoptosis of certain tumor cells. The present 
inventors propose to use those cells for cancer immunotherapy and vaccination against 
infectious pathogens either by loading the DCs ex vivo with tumor proteins, peptides, 

30 gene-transfer (RNA. DNA). fusion with tumor cells (hybrids), followed by the in vivo 
injection, or to inject the cell directly in the tumor where they could induce the release of 
tumor antigens through their killing activity. 

These aims have been met by following embodiments. 

35 
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Detailed description of the invention 

The present invention relates to a method for differentiation and maturation of monocytes 
into IL3-R+ CD11c+ myeloid dendritic cells comprising incubating said monocytes with a 
combination of IFN-p and IL-3 (or IL3), or functional analogues thereof. With functional 
5 analogues it is meant IFN-a or other type I IFNs as known by a skilled person in the art; 
also peptidomimetic molecules might be used for this purpose. The inventors proved that 
IFN-a exerts a similar effect as IFN-p. as the IL-3+IFN-a combination also resulted in the 
generation of a comparable myeloid IL-3Ra-positive DC (fig 5). When monocytes were 
cultured in IL-3 alone, the inventors found that they expressed lower levels of CD80 and 
10 CD86 and higher levels of CD14 than IL-3/IFN-P DC (fig 4). which suggests that they are 
more close to macrophages. 

The IL-3/IFN-P DC (or IFN-p/IL-3 DC) cell type resulting from said method is new and 
differs significantly from previous obtained stable IL-4/GM-CSF DC. Monocytes purified 
from PBMC (peripheral blood mononuclear cells), which are the precursor cells of DC, 

15 express IL-3Ra (CD123) but lose this expression after culture in medium alone. Present 
results shov/s that the loss of IL-3Ra expression was prevented v\4ien IFN-p was added 
during the culture. Nevertheless, more than 90% of monocytes cultured In medium alone 
or in presence of IFN-p were found to undergo apoptosis. The inventors found surprisingly 
that the addition of IL-3 in the presence of IFN-p dramatically enhanced cell survival. 

20 Indeed, more than 65 % of cells were still alive using these culturing conditions. Present 
inventors found surprisingly that IL-3 rescue monocytes cultured in the presence of IFN-p 
from apoptosis, and allows them to further differentiate. These observations demonstrate 
a cooperating effect of IL-3 and IFN-p on cell survival and dlfferentiatton. The effect of 
type I IFNs on iL-3Ra expression has never been assessed before. 

25 To characterize the cells obtained by culture of monocytes in IL-3 and IFN-p, the present 
inventors first looked at their ultrastructural morphology and found that monocytes 
cultured under the conditions acquired cytoplasmic expansions of the dendritic type. Cells 
derived from monocytes cultured in IL-3 and IFN-p can therefore be refenred to hereafter 
as IL-3/IFN-P DC or IFN-p/IL-3 DC. 

30 The present inventors further characterized that IL-3/IFN-p DC expressed markers of the 
myeloid lineage (CD1 1c. CD14, and CD33). They also expressed high levels of HLA class 
I and class II molecules. CD40. CD54. CD 80 and CD86. and IL-3Ra (CD123). Contrary to 
IL-4/GM-CSF DC. IL-3/IFN-p DC showed much higher levels of IL-3Ra. Conversely, CD1a 
was expressed on IL-4/GM-CSF DC but not on cells derived from monocytes cultured in 

35 IL-3 and IFN-p. The present results therefore indicated that IL-3/IFN-p DC are also myeloid 
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but phenotypically completely different cells compared to the known IL-4/GM-CSF DC. 
Based on their markers IL-3/IFN-P DCs may also be referred as IL3-R+ CD11c+ dendritic 
cells (DC) or IL3-R+ CD1 1 c+ myeloid dendritic cells. 

5 Advantageously, IL-3 and IFN-p can be added to the monocles simultaneously, 
sequentially or separately. 

According to the invention IFN-p is present at a concentration of between 10 and 20000 
U/ml. 

The present results demonstrates that the loss of IL-3Ra expression was prevented by 
10 adding 1000 U/ml IFN-P in the culture medium. Nevertheless, concentrations of 10, 15, 

20, 25, 30. 35, 40, 45, 50, 55, 60, 65, 70, 75. 80, 85, 90, 95. 100. 150. 200, 250, 300. 350. 

400. 450. 500, 550, 600, 650, 700, 750. 800. 850. 900. 950. 1000. 1100. 1150. 12G0, 

1250. 1300. 1350, 1400, 1450, 1500. 1550. 1600. 1650, 1700. 1750. 1800. 1850. 19G0, 

1950. 2000. 2100. 2150, 2200. 2250. 2300. 2350. 2400. 2450, 2500. 2550. 2600. 2650. 
15 2700. 2750. 2800. 2850, 2900. 2950, 3000. 3100, 3150, 3200, 3250. 3300. 3350. 3400. 

3450, 3500, 3550. 3600. 3650, 3700, 3750, 3800. 3850. 3900. 3950, 4000, 4100. 4150. 

4200, 4250. 4300, 4350, 4400. 4450, 4500, 4550, 4600, 4650, 4700, 4750, 4800, 4850, 

4900, 4950, 5000, 5100. 5150, 5200, 5250. 5300, 5350, 5400, 5450. 5500, 5550. 560O. 

5650, 5700. 5750. 5800, 5850, 5900, 5950, 6000, 6100, 6150, 6200. 6250. 6300, 6350, 
20 6400, 6450. 6500, 6550. 6600. 6650. 6700. 6750, 6800. 6850. 6900, 6950, 7000. 7100. 

7150. 7200. 7250, 7300. 7350. 7400. 7450. 7500. 7550, 7600, 7650, 7700. 7750. 7800, 

7850, 7900, 7950, 8000, 8100, 8150, 8200, 8250, 8300, 8350, 8400, 8450, 8500, 8550. 

8600. 8650. 8700. 8750, 8800. 8850, 8900, 8950. 9000. 9100, 9150. 9200, 9250, 9300, 

9350, 9400. 9450, 9500, 9550. 9600, 9650, 9700. 9750. 9800. 9850. 9900. 9950. 10000, 
25 10050. 10100, 10150, 10200, 10250, 10300, 10350, 10400, 10450. 10500. 10550, 10600, 

10650, 10700. 10750, 10800, 10850. 10900. 10950. 11000. 11050. 11100. 11150. 11200. 

11250. 11300, 11350, 11400, 11450, 11500, 11550, 11600, 11650, 11700, 11750, 11800. 

11850. 11900. 11950, 12000. 12050. 12100. 12150, 12200, 12250. 12300. 12350. 1240O. 

12450. 12500. 12550. 12600. 12650. 12700. 12750. 12800, 12850, 12900, 12950, 13000, 
30 13050, 13100, 13150, 13200, 13250, 13300, 13350, 13400, 13450. 13500, 13550, 

13600, 13650. 13700, 13750, 13800, 13850, 13900, 13950, 14000. 14100. 14150. 14200. 

14250, 14300. 14350. 14400. 14450, 14500, 14550, 14600, 14650, 14700. 14750, 14800, 

14850, 14900. 14950. 15000. 15050. 15100, 15150. 15200. 15250. 15300. 15350, 15400, 

15450, 15500. 15550. 15600. 15650. 15700. 15750. 15800. 15850. 15900, 15950. 16000, 
35 16050. 16100, 16150. 16200, 16250, 16300. 16350, 16400, 16450, 16500, 16550. 16600. 

16650, 16700. 16750. 16800. 16850. 16900. 16950. 17000. 17100. 17150. 17200. 17250. 
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17300. 17350. 17400. 17450. 17500. 17550. 17600. 17650. 17700. 17750. 17800, 17850, 
17900. 17950. 18000. 18050, 18100. 18150. 18200, 18250, 18300, 18350. 18400. 18450. 
18500, 18550, 18600. 18650, 18700. 18750, 18800, 18850, 18900, 18950, 19000. 19050. 
19100. 19150. 19200. 19250. 19300. 19350, 19400. 19450, 19500. 19550. 19600. 19650. 
5 19700. 19750. 19800. 19850, 19900. 19950 and 20000 U/ml are possible. 

According to a preferred embodiment of the invention IFN-p is given at a concentration of 
1000 U/ml. 

According to tlie invention IL-3 is present at a concentration between 1 and 1000 U/ml. In 
10 this respect, concentrations of 1, 2, 5. 10, 15, 20, 25, 30, 35. 40, 45. 50, 55, 60, 65, 70, 
75. 80. 85. 90. 95. 100. 105, 110, 115, 120, 125, 130, 135, 140, 145. 150, 155. 160, 165, 
170. 175. 180. 185. 190, 195, 200, 205, 210. 215, 220. 225. 230, 235, 240. 245, 250. 255, 
260. 265, 270, 275, 280, 285, 290. 295, 300, 305, 310. 315. 320. 325. 330. 335. 340, 345, 
350, 355, 360. 365. 370, 375, 380, 385. 390, 395, 400, 405. 410, 415. 420, 425. 430. 435. 
15 440. 445, 450, 455, 460, 465. 470, 475, 480. 485; 490. 495. 500, 505, 510, 515. 520, 525, 
530. 535. 540. 545. 550. 555. 560, 565. 570. 575, 680, 585. 590, 595. 600. 705, 710, 715. 
720, 725, 730. 735, 740, 745. 750, 755. 760, 765, 770, 775. 780, 785, 790, 795, 800, 805, 
810, 815, 820, 825. 830, 835. 840, 845. 850. 855. 860, 865, 870, 875, 880, 885, 890, 895, 
900. 905. 910, 915. 920, 925, 930. 935, 940. 945, 950, 955. 960, 965, 970, 975. 980, 985, 
20 990. 995 and 1000 U/ml are possible. 

According to a prefered embodiment of the invention, IL-3 is present at a concentration of 
50 U/ml. 

According to the present invention the method to provide a population of IL3-R+ CD11c+ 
myeloid dendritic cells comprises at least the following steps: 
. 25 (a) isolating monocytes from a patient, and, 

(b) incubating said monocytes in the presence of IFN-p and IL-3 or functional analogues 
thereof. 

There are two main sources of DC precursors: CD34+ stem cells and peripheral blood 
(PB) monocytes. The main constraints of generating DC from stem cells is that the culture 

30 time is long and obtaining CD34+ cells requires mobilization of the patient. Therefore a 
preferred embodiment of the present invention is to use monocytes as a DC precursor. 
These cells can nonnally, when present in blood, differentiate into DC in presence of GM- 
CSF or as the present Inventors showed in presence of IL3-lFN-(3. Different techniques 
might be used to isolate monocytes from the blood as known by the person skilled in the 

35 art. A preferred method is described in example 1. With the term "population" is meant 
IL3-R+ CD11C+ myeloid dendritic cells as such, a group of IL3-R+ CD11c+ myeloid 
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dendritic cells wliich may be different in other cliaracteristics, or a group of cells 
comprising IL3-R+ CD11c+ myeloid dendritic cells. Also one cell is not excluded from this 
definition. It Is important to mention that, the inventors do not exclude the fact that 
monocytes can be further differentiated and maturated in vivo by injecting IL-3 and IFN-p 

5 as such into the patient. 

According to present invention IL3-R+ CD11c+ myeloid dendritic cells may further be 
treated to produce antigen presenting dendritic cells. Consequently the method as 
described by the present invention comprises at least the following steps: 
(a) isolating monocytes from a patient, 

10 (b) incubating said monocytes in the presence of IFN-p and IL-3 producing IL3-R+ 
CD1 1c+ myeloid dendritic cells, and, 
(c) presenting an antigen on the surface of said dendritic cells. 

Depending on the specific treatment as described below, antigens are specific molecules 
present on cells selected from the group consisting of a cancer cell, a bacteria, a 

15 parasitically infected cell and a virally infected cell. These antigens can be large molecules 
v\^ich are processed by the DC to load MHC molecules, or can be smaller molecules (i.e. 
peptides) which are Immediately loaded onto the MHC molecules. Several approaches 
have been used to arm DC with tai^et antigen for use in clinical trials. l\/lethods used to 
approach this step of antigen loading are reviewed by Pong and Engleman ^, Inventors 

20 also point out that, IL3-R+ CD11c+ myeloid dendritic cells can be produced in vivo by 
injecting IL-3 and IFN-p or IL-3 and IFN-p in combination with an antigen into the patient 
The capacity of presenting a peptide on the surface of said dendritic cells according to 
present invention can for example be achieved by contacting said dendritic cell with at 
least part of an antigen differentially expressed on a cell. This cell can be a cell selected 

25 from the group consisting of a cancer cell, a bacterial cell, a parasitically infected cell and 
a virally infected cell. Antigens are delivered from these to the DC resulting in the 
activation of the DCs. 

Alternatively, the capacity of presenting a peptide on the surface of said dendritic cells can 
be achieved by pulsing said dendritic cells with antigenic proteins, by loading said 

30 dendritic cells with antigenic peptides or can be achieved by transforming/transducing said 
dendritic cells by nucleic acid molecules coding for at least part of said antigen. With 
"pulsing'' is meant that DC are activated by these antigens and enter into the MHC class II 
and/or MHC class I processing pathway. Transfonmation of DC can be achieved using 
electric pulses, liposomes or other techniques as i^nown by the person skilled in the art. 

35 Viral vectors allow the transduction of cells. With viral vectors also retroviral, adenoviral 
and adeno-associated vectors are meant. 
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Transformation/transduction of the cells allows introduction of DNA encoding the antigen 
and when appropriate expression signals are present said antigen is made in the cell and 
brought through the endogenous nnechanisms to the surface of the 
transfonmed/transduced dendritic cell. As a result of this an antigen-presenting IL3-R+ 

5 CD1 1 0+ myeloid dendritic cells is made. 

Alternatively, the capacity of presenting a peptide on the surface of said dendritic cells is 
achieved by fusing said dendritic cell with cells carrying specific antigens. The production 
of dendritic-like ceil/tumor cell hybrids and hybridomas for inducing anti-tumor response 
have been described in WO96/30030. This document provides dendritic-lilce cell/tumor 

10 cell hybridomas and pluralities of dendritic-like cell/tumor cell hybrids that confer tumor 
resistance in vivo. The hybrids and hybridomas are generated by the fusion of tumor cells 
with dendritic-like cells. For instance, immortal tumor cells from an autologous tumor cell 
line can be fused with autologous or HLA-matched allogeneic dendrib'c-like cells. 
Autologous tumor cell lines can be derived from primary tumors and from their 

15 metastases. Alternatively, immortal dendritic-like cells from an autologous or allogeneic 
HLA-matched dendritic-like cell line can be fused with autologous tumor cells. Autologous 
dendritic-like cell lines can be prepared from various sources such as peripheral blood 
and bone man-ow. Dendritic-like cell/tumor cell hybridomas and pluralities of hybrids can 
be directly infused for active immunization of cancer patients against their residual tumor 

20 cells. The hybridomas and hybrids can also be used for the in vitro activation of 
autologous immune cells before their reinfusion into the patient for passive immunization 
against the tumor cells. 

The present invention also proposes a method to provide an activated population of T 
cells using antigen-presenting IL3-R+ CD11c+ myeloid dendritic cells obtainable by a 
25 method as described above comprising at least the following steps: 

(a) isolating monocytes from a patient, 

(b) incubating said monocytes in the presence of IFN-|3 and IL-3 to provide a population of 
IL3-R+ CD1 1c+ myeloid dendritic cells, 

(c) presenting an antigen (for instance peptide or protein) on the surface of said dendritic 
30 cells, thereby providing a population of antigen presenting dendritic cells; and, 

(d) activating a population of T ceils witii said population of antigen presenting dendritic 
cells. 

An activated T cell being a T cell (CD3+ cell) proliferating and/or secreting cytokines (IL-2, 
IL-4. IL-5. IFN-Y, etc.) and/or expressing activation maricers (CD25, CD69. HLA-DR, 
35 CD40L, etc.). Indeed, the present inventors indicated that the low levels of IL-12 secreted 
by IL-3/1FN-P DC contribute to their ability to elicit IFN-y production by T cells. In addition, 
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the inventors proved that, IL-3/IFN-p DC also induced IL-5 production in mixed leucocyte 
culture and were also much more efficient than IL-4/GM-CSF DC in that respect If 
necessary, an activated T cell can always be separated from the antigen presenting 
dendritic cell by cell sorting. 
5 In preferred methods according to present invention said T cell is a T helper cell. 

The invention also refers to a method wherein the steps of producing a population of cells 
as described above such as IL3-R+ CD11c+ myeloid dendritic cells and/or antigen 
presenting IL3-R+ CD11c+ myeloid dendritic cells and/or activated T cells using antigen 
presenting IL3-R+ CD1 1c+ myeloid dendritic cells occur in vitro and/or in vivo, 
10 The present invention also provides a population of IL3-R+ CD11c+ myeloid dendritic 
cells, a population of antigen-presenting IL3-R+ CD11c+ myeloid dendritic cells or a 
population of activated T cells obtainable by a method as described above, or a 
combination thereof. 

15 The present inventors showed that, although IL-3/IFN-p DC display several features 
suggestive of a higher degree of maturation, they should not be considered as fully 
mature. Indeed, the Inventors gave evidence that the IL3-R+ CD11c+ myeloid dendritic 
cells according to present invention can be further stimulated using a stimulant. The 
present invention also refers to a method to further stimulate a population of IL3-R+ 

20 CD11C+ myeloid dendritic cells, whereby said dendritic cells are additionally incubated 
with a stimulant This incubation can be perfonned simultaneously, sequentially or 
separately from the cytokine treatment. With stimulation is also meant maturation, 
induction and/or activation. According to present invention, said stimulant may be chosen 
from a group comprising vims, bacterium, tPS (lipopolysaccharide), nucleic acid. 

25 functional derivatives or a combination thereof. The tenm "nucleic acid" refers to a single 
stranded or double stranded nucleic acid sequence, said nucleic acid may consist of 
deoxyribonucleotides (DNA) or ribonucleotides (RNA) or may be amplified cDNA or 
amplified genomic DNA. Consequently, the present invention also relates to a population 
of stimulated IL3-R+ CD11c+ myeloid dendritic cells obtainable by a method according to 

30 present invention. In the examples, the inventors showed that when analyzing the IFN-a 
production by IL-3/IFN-p DC, stimuli such as LPS and formaldehyde-inactivated influenza 
virus induced said DC only to a lower extent (table 2). Contrarily, Poly (1:C), which 
mimicks viral double-stranded RNA, was able to induce IFN-a production by IL-3/IFN-p 
DC to a higher extent It has to be understood that all applications (such as methods, 

35 compositions, kits, uses) suggested in present invention for unstimulated IL-3/IFN-p DC 
may be applied for stimulated IL-3/lFN-|3 DC. 
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The present invention relates to a composition for use as a medicament or cell based 
product intended for clinical use comprising at least one of the following combinations of 
components: 

5 - IL-3 and IFN-p or functional analogues thereof, 

* iL-3 and IFN-j3 or functional analogues thereof mixed with antigen and/or stimulant, 

- a population of monocytes mixed with IL-3 and IFN-|3 or functional analogues thereof, 

- a population of monocytes mixed with IL-3. IFN-^ or functional analogues thereof and 
antigen and/or stimulant 

10 ^ a population of IL3-R+ CD1 1 c+ myeloid dendritic cells, 

- a population of IL3-R+ CD11c+ myeloid dendritic cells mixed with antigen and/or 
stimulant. 

- a population of antigen-presenting IL3-R+ CD1 1c+ myeloid dendritic cells, or. 

- a population of activated T cells obtainable using antigen-presenting IL3-R+ CD11c+ 

15 myeloid dendritic cells, 

whereby said IL3-R+ CD1 1c+ myeloid dendritic cells are unstimulated or stimulated using 
a method according to present invention, or a combination thereof. 
Cell based products are not yet considered as medicament and could be considered as 
transfusion products in the future. 

20 The present results also showed that the IL-3/IFN-p DC have endocytosis capacity. IL- 
3/IFN-P DC spontaneously secreted IL-6. IL-8, IL-12 (p40) and TNFa. 
The inventors also studied the cytokine production of GM-CSF/IL-4 DC versus IL-3/IFN-p 
DC. As compared to GM-CSF/IL-4 DC, IL-3/IFN-p DC produced less IL-12 (p40) whereas 
their secretion of IL-8 was slightly higher. As it is tiie case for IL-4/GM-CSF DC, both LPS 

25 and CD40 ligation induced by CD40L transfectants upregulated tiie syntiiesis of cytokines 
by IL-3/IFN-P DC. As compared to GM-CSF/IL-4 DC. IL-3/IFN-p DC produced similar 
levels of TNFa and IL-6 levels under both conditions of stimulation, higher IL-8 levels in 
response to CD40L but not to LPS. and much lower levels of IL-12 (p40) and IL-12 (p70) 
whatever the stimulus considered. 

30 At all stimulator/responder ratios, IL-3/IFN-p DC were as efficient as GM-CSF/lL-4 DC to 
induce naive CD4* T cell proliferation. Nevertheless, if the inventors considered the profile 
of cytokines secreted by T cells upon exposure to allogenic DC, IL-3/IFN-P DC induced 
the production of substantial amounts IFN-y, despite their low synthesis of IL-12. In 
addition. IL-3/IFN-p DC also elicited IL-5 production and were significantiy more efficient 

35 tiian IL-4/GM-CSF DC in that respect. 
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Despite their low level of IL-12 production, IL-3/IFN-p DC stimulate high level of IFN-y 
production from adult CD4* T cells, suggesting that they use other factors or membrane 
molecules to elicit the synthesis of Th1 cytokines. Indeed lL-12 independent pathways of 
IFN-y were recently described ^^'^^^^^^^ Taken together, these data indicate that IL-3/IFN-p 
5 DC differ from the CD4'' CD3' CD1 1c' IL-3Ra^ plasmacytoid cells isolated from peripheral 
blood described by Grouard et al. ^, as the latter cells proved to be poor inducers of IFN-y 
in MLR. 

The present inventors conclude that upon using above described methods new types of 
10 DC can be formed which are more mature than previously described myeloid DC and 
which have a superior character in inducing T cell expression. Increased cytokine 
expression results in a more rapid and efficient stimulation of the immune system, and 
therefore will be more efficient in eliminating foreign infectious material in a patient. 
Monocyte-derived DC primed with tumor antigens are now clinically used in several 
15 protocols to induce specific antitumor immunity Both Th1 and Th2 effector 
mechanisms have been shown to collaborate with each other in directing an effective 
antitumor activity^. Because of their ability to induce both Th1 and Th2 type responses, 
the inventors suggest that IFN-p/IL-3 DC (induced or uninduced) might be appropriate to 
induce effident tumor immunity. 
20 Preferably, a composition according to the invention is supplemented with at least one 
additional cytokine. According to the present invention, said cytokine is preferentially 
chosen from a group comprising IFN-a, IFN-p, IL-3 and iL-12. IL-12 and IFN-<x are pivotal 
cytokines for Th1 differentiation and generation of cytotoxic T cells endowed with potent 
anti-tumor effects. 

25 

The invention implies the preparation of a medicament for treating cancer, infections and 
autoimmune diseases comprising a composition as described above. Investigations 
showed that the immunologic and clinical effects of antigen-loaded dendritic cells 
administered as a therapeutic vaccine to patients with cancer ^. Although DC-based 

30 vaccination methods are cumbersome, promising results from clinical trials in patients with 
malignant lymphoma, melanoma, and prostate cancer suggest that immunotherapeutlc 
strategies that take advantage of the antigen-presenting properties of dendritic cells may 
ultimately prove both efficacious and widely applicable to human tumors. Also the role of 
DC in initiating or priming immune responses to viral and bacterial antigens in vivo is well 

35 established. It has been demonstrated that human DC, but not monocytes or B cells, can 
sensitise naive T cells to soluble protein antigens, enabling the generation of antigen- 
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specific CD4+ helper and CD8+ CTL lines in vitro CD8+ cytotoxic T lymphocytes (CTL) 
have been demonstrated to recognize and kill cancer cells in various tumor models. The 
ability of DC to prime T cells capable of recognizing and killing tumor cells in an antigen- 
specific fashion has been demonstrated in various animal models. Moreover, DC-based 
5 immunization can lead to immunologic memory with protection against subsequent tumor 
challenges. Fong et al (1997^) illustrated that immunizing with self proteins could protect 
animals against autoimmune reactions. 

The present invention also relates to the pharmacological composition comprising the 
composition according to the invention and optionally a phamnaceutical acceptable carrier, 

10 diluent or excipient. Phamnaceutically acceptable earners include any canier that does not 
itself induce the production of antibodies hannful to the individual receiving the 
composition. Suitable caniers are typically large, slowly metabolizing macromolecules 
such as proteins, polysaccharides, polylactic acids, polyglycolic acids, polymeric amino 
acids, amino acid copolymers; and inactive virus particles. Such canriers are well known to 

15 those of ordinary skill in the art. A "vaccine" is an immunogenic composition capable of 
eliciting protection against infections, whether partial or complete. A vaccine may also be 
useful for treatment of an individual, in which case it is called a therapeutic vaccine. Said 
vaccine compositions may include prophylactic as well as therapeutic vaccine 
compositions. The term "therapeutic" refers to be capacity of eliminating or preventing 

20 invasive cells. 

The present invention also relates to a method of killing a target cell comprising contacting 
said target cell with a composition. This killing can be performed in vitro or in vivo. 
Preferably, said target cell is selected from the group consisting of a cancer cell, a 
bacterial cell, a parasitically infected cell or a virally-infected cell. 

25 The present invention also provides an in vitro screening method using a population of 
iL3-R+ CD1 1c+ myeloid dendritic cells, a population of antigen-presenting IL3-R+ CD1 1c+ 
myeloid dendritic cells, a population of stimulated iL3-R+ CD11c+ myeloid dendritic cells, 
a population of stimulated antigen-presenting IL3-R+ CD11c+ myeloid dendritic cells or a 
population of activated T cells obtainable by a meUiod as described in present invention. 

30 By tiieir potent immunostimulatory properties, DC loaded with tumor or bacterial Ag could 
be used to activate T cells against unknown poorty immunigenic Ag and thus help to 
discover them. 

According to present invention, a population of myeloid IL3-R+ CD11c+ dendritic cells, a 
population of antigen-presenting IL3-R+ CD11c+ myeloid dendritic cells, a population of 
35 stimulated IL3-R+ CD11c+ myeloid dendritic cells, a population of stimulated antigen- 
presenting IL3-R+ CD1 1c+ myeloid dendritic cells or a population of activated T cell using 
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antigen-presenting IL3-R+ CD11c+ myeloid dendritic cells obtainable by a method 
according to the present invention can be used for the preparation of in vitro saeening 
tests. 

According to present Invention, a method for detecting T cell mediated activity of a target 
5 antigenic peptide comprises at least the following steps: 

(a) providing a population of antigen-presenting IL3-R+ CD11c+ myeloid dendritic cells 
obtainable from monocytes according to a method as described above, 

(b) contacting a T cell with said dendritic cell thereby providing an activated T cell, 

(c) contacting a target cell with said activated T cell, and, 

10 (d) monitoring the effect of said activated T cell on said target cell, thereby detecting anti- 
target activity. 

whereby said IL3-R+ CD11c+ myeloid dendritic cells are unstimulated or stimulated using 
a method according to the present invention, or a combination thereof. 
The present invention also describes a kit for detecting T cell mediated activity of a target 
15 antigenic peptide, comprising at least one combination of components chosen from the 
following list: 

- IL-3 and IFN-p, or functional analogues thereof, 

- iL-3 and IFN-p or functional analogues thereof mixed with antigen and/or stimulant , 

- a population of monocytes mixed with IL-3 and IFN-p or functional analogues thereof, 
20 - a population of monocytes mixed with IL-3, IFN-p or functional analogues thereof and 

antigen and/or stimulant, 

- a population of IL3-R+ CD1 1 c+ myeloid dendritic cells, 

- a population of IL3-R+ CD11c+ myeloid dendritic cells mixed with antigen and/or 
stimulant, 

25 - a population of antigen-presenting IL3-R+ CD1 Ic-t- myeloid dendritic cells, or 

- a population of activated T cells obtainable using antigen-presenting IL3-R+ CD11c+ 
myeloid dendritic cells 

whereby said IL3-R+ CD11c+ myeloid dendritic cells are unstimulated or stimulated using 
a method according to the present invention, or a combination thereof. 
30 It has been shown that freezing population of said cells did not alter the funtional 
properties of these cells. Also other methods for storage as known by the skilled person in 
the art can be applied to preserve these cells 

All methods, uses and kits described in the present invention for the detection of T cell 
mediated activity also relate to the use of a population of IL3-IFN-P DC as reagent for the 
35 purpose of following the immune response in patients who got either DC-vaccines or other 
vaccines. T cells might be isolated from patients and tested using antigen-presenting IL3- 
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IFN-p DC to analyse if the immunologic response in tlie patient lias been activated. For 
this purpose PBMC (periferal blood mononuclear cells) or purified T cells might be used. 
This test system allows the evaluation of any therapy against infections, cancer or auto- 
Immune diseases. 

5 The present invention suggests the use of a composition according to the invention as a 
vaccine adjuvant and the vaccine adjuvant as such comprising a composition according to 
the invention. 

According to present invention a vaccine comprising the composition as described by the 
invention can be used to immunize humans or animals against different diseases. 
10 Vaccination of patients has already been illustrated and found to be efficacious using 
peptide-pulsed IL4/GM-CSF DC in cancer patients (Toungouz et al. 1999"^®). 
In particular, the present invention describes a method for immunizing humans or animals 
against a disease comprising administering a vaccine comprising an adjuvant as 
described above. 

15 The present invention also relates to a method of treatment of cancer, infections and 
autoimmune diseases comprising the use of at least one of the following combinations of 
components: 

- IL-3 and IFN-p or functional analogues thereof, 

- IL-3 and IFN-(3 or functional analogues thereof mixed with antigen and/or stimulant , 
20 - a population of monocytes mixed with IL-3 and IFN-p or functional analogues thereof, 

- a population of monocytes mixed with IL-3, IFN-p or functional analogues thereof and 
antigen and/or stimulant, 

• a population of IL3-R+ GD1 1 c+ myeloid dendritic cells, 

- a population of IL3-R+ CD11c+ myeloid dendritic cells mixed with antigen and/or 
25 stimulant, 

" a population of antigen-presenting IL3-R+ CD1 1c+ myeloid dendritic cells, or, 

- a population of activated T cells obtainable using antigen-presenting IL3-R+ CD11c+ 
myeloid dendritic cells 

whereby said IL3-R+ CD11c+ myeloid dendritic cells are unstimulated or stimulated using 
30 a method according to the present invention, or a combination thereof. 

In the design and conduct of above described applications, important considerations 
include methods for introducing the antigen into MIHC class I and II processing pathways, 
metiiods for isolating and activating dendritic cells, route of administration and antigen 
selection. Because the cell tiierapy as presented in tiie present invention needs a specific 
35 recognition of the target cell, it is important tiiat Indeed the choice of antigen is well 
considered. Therefore the present invention suggests tiiat tiie antigen is a tumor specific 



wo 02/40646 



PCT/EPOl/13189 



14 

antigen, an infectious specific antigen or a self-protein when applied in \he treatment of 
cancer, Infections (viral, bacterial parasitical) or autoimmune diseases. In addition, It is 
important that the compositions are administered to a person in need of treatment in a 
therapeutically effective amount. Example of antigens that might be considered as tumor 

5 antigens are described by Fong and Engleman 2000 ^. 

According to the present invention said viral disease is selected from the group consisting 
of for instance HIV, human Papilloma virus, Ebstein Barr virus and Cytomegalovirus. 
According to the present invention said autoimmune disease is selected from the group 
consisting of multiple sclerosis myasthenia gravis, juvenile chronic arthritis, chronic 

10 arthritis, LED, atopic dermatitis and juvenile diabetes. Inventors suggest that probably ail 
autoimmune diseases may be treated or prevented by a method as described by the 
invention. 

According to the present invention, said compositions can be injected into patients using 
different ways. Preferentially injection is canied out Intravenously, intra-lymphoidal or 

15 intratumoral, nevertheless, other routes can be used such as subcutaneous injections. It is 
interesting to mention that in addition to expressing the requisite MHC and costimulatory 
molecules to prime T cells, the DC cells express appropriate adhesion molecules and 
chemokine receptors to attract the DC to secondary lymphoid organs for priming. In this 
respect, inefficient priming could be circumvented by injecting DC directly to secundary 

20 lympoid organs through intralymphatic or intranodal injection. The present study gives 
evidence that especially in cancer treatment intra-tumoral injections \m\\ result in more 
efficient elimination of the tumor. The observation that monoQrte-derived 1L-3/IFN-P DC 
are able to trigger apoptosts in tumor cells is relevant to their therapeutic use as anti- 
tumor vaccines. Indeed, recent reports demonstrated that human IL-4/GM-CSF DC can 

25 process apoptotic cells and cross-present the derived antigens in a MIHC-class I restricted 
fashion, resulting in the induction of efficient cytotoxic T cell responses. Therefore DC 
which are directly injected into tumors will first induce apoptosis of cancer cells, and finally 
migrate in the lymph nodes where they induce tumor-specific T-cell responses. 
These compositions may, for example, be administered parenterally or intravenously. The 

30 compositions according to the invention for parenteral administration can be, in particular, 
sterile solutions, aqueous or non-aqueous, suspensions or emulsions. As a 
pharmaceutically acceptable solution or vehicle propylene glycol, polyethylene glycol, 
injectable organic esters, for example ethyl oleate, or cyclodextrins may be employed. 
These compositions can also comprise wetting, emulsifying and/or dispersing agents. 

35 The sterilisation may be canied out in several ways, for example, using bacteriological 
filter, by incorporating sterilising agents in the composition or by in-adiation. They may also 
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be prepared in the form of sterile solid compositions wlilch may be dissolved at the time of 
use in sterile water or any other sterile injectable medium. 

The present invention can also comprise adjuvants which are well known to a person 
skilled in the art (vitamin C, antioxidant agents, etc.) capable of being used in synergy with 
s the compounds according to the invention in order to improve and prolong the treatments 
of cancerous tumors. 

The invention also relates to a composition comprising a composition according to present 
invention and another compound as a combined preparation for simultaneous, separate or 
sequential use for treating cancer, infections and autoimmune diseases. 
10 The present invention also relates to a method for the preparation of a composition as 
described by present invention comprising following steps: 

(a) isolating monocytes from a patient. 

(b) incubating said monocytes in a closed system in the presence of clinical grade IFN-p 
and IL-3 to provide a population of IL3-R+ CD1 1c+ myeloid dendritic cells, 

15 (c) presenting an antigen on the surface of said dendritic cells in clinical grade conditions, 
thereby pnDviding a population of antigen presenting dendritic cells; and, 
(d) activating a population of T cells with said population of antigen presenting dendritic 
cells, whereby said IL3-R+ CD11c+ myeloid dendritic cells are unstimulated or 
stimulated using a method according to present invention, or a combination thereof. 
20 As described above each of these steps can be performed in vitro and/or in vivo. 

Recently Improvements were made for tiie production of DC in clinical-grade conditions. 
The present Inventors described in Toungouz et al 1999*® that the development of closed 
systems, avoidance of exogenous proteins and respect of standard operating procedures 
(SOP) is needed to be able to guarantee predefined specifications of flie cellular product. 
25 In these documents a good manufacturing practice (GMP)>simplifled procedure of 
IL4/GM-CSF DC generation from leukapheresis products in a closed system, using 
synthetic culture media devoid of non-human protein is described. In analogy to this 
method, clinical grade IL-3/IFN-p DC can be prepared. 

30 Unless otiier wise defined, all technical and scientific terms used herein have the same 
meaning as commonly understood by one of ordinary skill in the art to which this invention 
belongs. Exemplary methods and materials are described below, although metiiods and 
materials similar or equivalent to those described herein can be used in the practice or 
testing of the present invention. All publications and other references mentioned herein 

35 are incorporated by reference in their entirety. In case of conflict, the present specification, 
including definitions, will control. The materials, methods, and examples are illustrative 
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only and not intend to be limiting. Other features and advantages of the invention will be 
apparent from the following drawings, tables, detailed description, and from the claims. 

5 Brief description of the figures and tables 

Figure 1. IFN-P prevents IL-3Ra downregulation on cultured monocytes 

Monocytes incubated in medium alone or with IFN-p (1000U/ml) were analyzed by flow 
cytometry for the expression of IL-3Ra (CD123). Thick line : FACS profiles after staining 
10 with PE-conjugated anti-CD123 antibodies. Dotted lines: FACS profiles after staining with 
isotype-matched control IgGI. Data from one representative experiment out of 3 on 
different blood donors. 

Figure 2. IFN-p cooperate with IL-3 to promote monocyte survival 

15 Monocytes were cultured in medium alone (O), or in the presence of 50 U/ml IL-3 (7), or 
1000 U/ml IFN-p (•) or a combination of 1000 U/ml IFN-p and 50 U/ml IL-3 (T). Apoptotic 
cells were enumerated by flow c^ometry after staining for annexin V and propidium iodide 
(PI). Results were expressed as mean ± SEM of percentages of cells negative for the 
expression of both annexin V and PI. 

20 

Figure 3. Ultrastructure of cells derived from monocytes cultured in the presence of 
IFN-p and IL-3. 

Transmission electron microscopy of monocytes after culture for 6 days with either GM- 
CSF and IL-4 or IL-3 and IFN-p (original magnification A ; x 900. B ; x1950). Both IL-3 / 
25 IFN-p DC and GM-CSF / IL-4 DC showed typical appearance of dendritic cells including a 
tabulated nucleus, long cytoplasmic processes and tubulovesicular system. In the 
presence of IL-3 and IFN-p, DC appeared as smaller cells filled with mitochondria. 

Figure 4. Expression of surface markers on cells derived from monocytes cultured 
30 in IL-3 and IFN-p. 

(A) Phenotype of purified monocytes cultured for 6 days with either GM-CSF and IL-4 or 
IL-3 and IFN-p. Thick line: FACS profiles after staining with specific antibodies. Dotted 
lines: FACS profiles after staining with isotype-matched control antibodies. Data from one 
representative experiment out of 6 on different blood donors. 
35 (B) Phenotype of purified monocytes cultured with GM-CSF and lL-4, or IL-3 and IFN-R or 
lL-3 alone. Thick line: FACS profiles after staining with specific antibodies. Thin lines: 
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FACS profiles after staining with isotype-nriatched control antibodies. Data from one 
representative experiment out of 6 on different blood donors. 

Figure 5. Expression of surface marlcers on ceils derived from monocytes cultured 
5 in IL*3 and IFN^ 

Phenotype of monocytes cultured with either lL-3 and IFN-p or with IL-3 and IFN-a. Thick 
lines: FACS profiles after staining with specific antibodies. Thin lines: FACS profiles after 
staining with isotype-matched control antibodies. 

10 Figure 6. Internalization of FITC-Dextran In IL-3/IFN-p DC 

DC grown in GM-CSF and lL-4 or in IL-3 and IFN-p were incubated in medium containing 
1 mg/ml FITC-Dextran for the indicated times and analyzed by flow cytometry. Results are 
from one representative experiment out of 3 on different blood donors. 

15 Figure 7. DC-LAMP and CD83 are expressed on LPS-stimulated IL-SAFN-p DC 

Monocytes were cultured with either GM-CSF and lL-4 or IL-3 and IFN-p. DC were then 
stimulated or not with LPS (1 Mg/ml) for 24h. Thick lines: FACS profiles after staining with 
specific antibodies. Thin lines: FACS profiles after staining with isotype-matched control 
antibodies. Data from one representative experiment out of 2 on different blood donors. 

20 

Figure 8. T cell stimulatory activity of IL-3/IFN-p DC 

(A) iL-3/IFN-p DC Induce proliferation of naive CID4* T cells. Cord blood CD4* T cells were 
cultured with allogenic IL-3/IFN-p DC (O) or GM-CSF/IL-4 DC (•) prepared from the same 
donors. After 5 days, T celt proliferation was quantified by fH] thymidine incorporation. 

25 Data are shown as means ± SEM of 6 independent experiments. 

(B) Production of cytokines in mixed leucocyte cultures. Peripheral blood CD4* T cells 
were cultured with allogenic IL-3/IFN-p DC (hatched columns) or 6M-CSF/iL-4 DC (open 
coiums) at a DC:T ratio of 1:10. After 6 days, culture supematants were assayed by 
ELISA for determination of cytokine levels. Data are shown as mean ± SEM of 6 

30 experiments. 

*p < 0.05 as compared to DC generated in GM-CSF and IL-4 (Wilcoxon's test). 
Figure 9. Apoptosis of cancer cells using iL-3AFN-p DC. 

Human monocyte-derived DC generated from monocytes cultured in IL-3 and IFN-p were 
35 cocultured with [3H1 thymidine-labeled tumor cell lines. After 18h, intact nuclei were 
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harvested and radioactivity was measured. Data are expressed as percentages of DNA 
fragmentation at 10:1 DC:targetceII ratio. 

Figure 10. ANTI-E7 response induced by IFN-p/IL-3 DC as compared to GM-CSF/IL-4 
S DC 

Anti E7 IFN-g response induced by 13 DC as compared to GM DC. Uglit bars represent 
response obtained with unstimulated DC whereas darl< bars represent responses induced 
with stimulated LPS stimulated DC. ELISPOT, EUSA and cytometry were used as read- 
out systems. Results plotted are those obtained after subtraction of the background 
10 (unloaded DC + autologous T cells). 

Table 1. Cytokine production by monocyte-derlved DC. 

DC were generated in presence of either GM-CSF and IL-4 or IL-3 and and 
15 activated with LPS (1 pg/ml) for 24h or with 3T6-CD40L transfectants for 3 days. Cytokine 
levels in supematants were measured by ELISA and results were expressed as means ± 
SEI^ of 6 independent experiments on different blood donors. 

Table 2. Poly (l:C) Induces IFN-a production by iL-3/iFN-p DC 

20 DC were generated in presence of IL-3 and IFN-p, and activated either with 3T6-CD40L 
transfectants for 3 days, or LPS (1 |jg/ml) for 24h, or Influenza virus for 24h or Poly (l:C) 
for 48h. IFN-a levels in supernatants were measured by ELISA and results were 
expressed as means ± SEM of independent experiments on different blood donors. 



25 
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Examples: 

Example 1 Interleukirh3 and interferon-fi cooperate to Induce differentiation of monocytes 
into dendritic cells with potent helper T cell stimulatory properties. 

5 

Materials and Methods 
Cell preparation and culture 

Peripheral blood mononuclear cells (PBMC) were obtained from heparinized blood of 
normal donors by centrifugation over Lymphoprep density gradient (Nycomed, Oslo, 

10 Norway). Monocytes were obtained either by 2h adhesion in TScm^ flasks or by 
centrifugation over Nycoprep density gradient (Nycomed), following by magnetic cell 
sorting using a commercially available monocyte isolation kit allowing to obtain cell 
suspensions containing more than 95% monocytes (Miltenyi Biotec, Aubum, CA). To 
generate DC using IL-4 and GM-CSF (IL-4/GM-CSF DC), purified monocytes were 

15 cultured for 4-6 days in RPMl 1640 (Bio Whittaker Europe, Verviers. Belgium) 
supplemented with 2 mM L-glutamine (GIBCO, Paisley, Scotland), 20 pg/ml gentamicin, 
50 pM 2-mercaptoethanol (GIBCO), 1% non-essential amino acids (GIBCO) and 10% 
fetal bovine serum (Bio Whittaker Europe) in 75 cm^ flasks or 6 well plates (7.5 10® 
cells/ml) in the presence of GM-CSF (800U/ml) and IL-4 (500 U/ml) kindly provided by 

20 Schering-Plough (Kenilworth, NJ). as described by Romani ef a/. ^. In parallel, monocytes 
were cultured for 4-6 days in presence of IFN-p (1000 U/ml) (Ares Serono Europe, 
London, UK) and IL-3 (50 U/ml) (R&D Systems Europe ,Oxon. UK), alone or in 
combination. 

25 Electron microscopy study 

Dendritic cells were fixed with 2% glutaraldehyde and Millonig's phosphate buffer for 2h. 
Cell blocks obtained after 1200g centrifugation for 10 min were postfixed with 2% osmium 
tetroxide and embedded in epoxy resin. Ultra-thin sections were stained with uranyl- 
acetate and lead citrate. Ultrastructurai study was perfomned using the electron 

30 microscope EMT400 (Philips, Eindhoven, Holland). 

Flow cytometry analysis 

For immunophenotyping, cells were washed in phosphate buffered saline (PBS) 
supplemented with 0.5 % bovine semm albumin (BSA) and incubated for 15 min at 4"C 
35 with one of the following fluoresceinated (FITC-) or phycoerythrin (PE)-conjugated 
monoclonal antibodies: FlTC-anti-HUV-DR lgG2a, PE-anti-CD4 IgGI, FlTC-antl-CD8 
|gG1, PE-ana-CDIIb lgG2a, PE-anti-CDIIc lgG2b, PE-anti-CD14 IgG2b. PE-anti-CD33 



wo 02/40646 



PCT/EPOl/13189 



20 

lgG1, FITC-anti<JD45RA lgG1. PE-anti-CD45RO lgG2a, PE-antl-CD54 lgG2b, PE-anti- 
CD80 (B7-1) lgG1. PE-anti-CD123 (IL-3Ra) lgG1 and PE-anti-CD154 (CD40L) lgG1, all 
from Becton Dickinson (Mountain View. CA). PE-anti-CD86 (B7-2) lgG2b from 
Pharmlngen (San Diego, CA), FITC-anti-CD3 lgG2a. FITC-anti-CD16 IgGI, FITC-anti- 
5 CD19 lgG1 and PE-anti-CD40 lgG1 from Biosource lntenr\ational (Camarillo, CA), FITC- 
anti-CD1a lgG2a from Dako (Glostmp, Denmark), and FITC-anti-HI-A-Class 1 (A,B,C) 
clone B9.12.1 lgG2a, PE-anti-CD83 lgG2b from Immunotech (Marseille, France). Cells 
were also stained with oonresponding isotype-matched control monoclonal antibodies and 
then analyzed using a FACScan flow cytometer (Becton Dickinson). 

10 

Apoptosis analysis 

Apoptotic cell death was measured by flow cytometry using FITC-conjugated annexin V 
(Becton Dikinson) and propidium iodide (Stgma-Aldrich, Bomem, Belgium) as per the 
manufacturer's protocol. 

15 

Endocytosis assay 

FITC-dextran (Molecular Probes. Eugen, OR) was used to assess cell endocytosis as 
described by Sallusto et al. Briefly, cells were incubated with 1 mg/ml FITC-dextran at 
37X for 5, 15 or 30 min and then analyzed using the FACScan flow cytometer. 

20 

Dendritic cell stimulation 

DC (4 X 10^/ml) were stimulated by bacterial lipopolysaccharide (LPS) (1 pg/ml), 
formaldehyde-inactivated influenza virus strain New Caledonia (kindly provided by N. 
Kuehm, Aventis, Pasteur M6rieux. Val de Reuil, France), or Polylnosinic-polycytldylic acid 
25 (Poly (l:C) (20Mg/ml) (Sigma), for 24h or 48h respectively, and culture supematants were 
then assayed for cytokine levels. In parallel, DC (2 x 10^/ml) were activated by co-culture 
with In^diated 3T6 fibroblasts transfected with the human CD40L gene (CD40L 
transfectants) (5 x lO'^/ml). and supematants were harvested after 3 days for 
determination of cytokine levels. 

30 

M/xed leucocyte cultures 

DC were co-cultured in 96-weli flat-bottom plates with allogenic naive CD4* T cells (2 x 
1G®/ml) isolated from newborn cord blood or adult PBMC. CD4'" T cells were purified by 
magnetic cell sorting using a commercially available CD4 T cell isolation kit (> 95% purity 
35 as assessed by FACS analysis) (Miltenyi Biotec). In the case of adult CD4* T cells, a 
CD45RA isolation kit (Miltenyi Biotec) is further used for the enrichment in naive cells. 
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After 5 days, cell proliferation was assessed by PH] thymidine uptake during the last 16h 
and culture supernatants were collected for determination of c^okine levels. 

Determination of cytokine levels 
5 ELISA kits were purchased from Biosource Europe (Fleurus, Belgium) for detemnination of 
TNFo, IL-6, IL-8 and IL-12 (p40) levels. Determination of IL-12 (p70) levels was perfomried 
using a commercially available kit (Endogen, Wobum, MA). IFN^ and IL-5 levels were 
measured by two-site sandwich ELISA using antibodies from Chromogenix (Maindal, 
Sweden) and Phanningen, respectively. 

Statistical analysis 

Statistical significance was determined using two-tailed paired Wilcoxon*s test. 
Results 

15 IFN-fi-treated monocytes maintain IL-3Ra expression and depend on /L-3 for their survival 
As shown in figure 1, monocytes purified from PBMC express IL-3Ra (CD123) but lose 
this expression after 6 days of culture In medium alone. The loss of IL-3Ra expression 
was prevented when IFN-p (1000 lU/ml) was added on the first day of culture (fig 1). This 
analysis was peri'ormed on the fraction of viable cells in the culture. Indeed, more than 

20 90% of monocles cultured in medium alone or in presence of 1000 lU/ml IFN-p were 
apoptotic, as assessed by flow cytometry using double staining with annexin-V and 
propidium iodide (fig 2). The addition of IL-3 on the first day of culture dramatically 
enhanced monocyte survival. Indeed, more than 65 % of cells were still alive after 6 days 
of culture in presence of IL-3 and IFN-p. 

25 

Monocytes cultured in presence oflL-S and IFN-p differentiate into DC 
To characterize the cells obtained by culture of monocytes in IL-3 and IFN-p, the inventors 
first looked at their ultrastructural morphology. As shown in fig 3, monocytes cultured 
under this condition acquired cytoplasmic expansions of the dendritic type. Cells derived 
30 from monocytes cultured in IL-3 and IFN-P will therefore be refen^ed hereafter as IL-3/IFN- 
PDC. 

Flow cytometry analysis (fig 4) demonstrated that these cells expressed mariners of the 
myeloid lineage (CD11c, CD14, and CD33) but were negative for the surface expression 
of CD3, CD4. CDS. CD11b, CD16, CD19. CD45RA and CD154 (CD40L). They also 
35 expressed high levels of HLA class I and class II molecules, CD40, CD54, CD 80 and 
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CD86, and IL-3Ra (CD123), As expected ^, the latter marker was expressed at only low 
level on DC derived from monocytes cultured in IL-4 and GM-CSF. Conversely, CD1a was 
expressed on IL-4/GM-CSF DC but not on cells derived from monocytes cultured in IL-3 
and IFN-p. 

5 When monocytes were cultured in IL-3 alone, they strongly adhered to plastic, so that only 
limited numbers of such cells could be collected for further analysis. By flow cytometry, 
they expressed lower levels of CD80 and CD86 and higher levels of CD14 than IL-3/IFN-p 
DC (fig 4), which suggests that they are more close to macrophages. In additional 
experiments, the inventors found that IFN-a exerts a similar effect as IFN-p, as the IL- 

10 3-i-lFN-a combination also resulted in the generation of myeloid IL-3Ra-positive DC 
expressing CD80 and CD86 (fig 5). 

The endoQ^osis capacity of IL-3/IFN-p DC was studied by fluid phase uptake of FITC- 
dextran. As shown in fig 6, IL-3/IFN-p DC actively engulf dextran, although they were less 
potent than IL-4/GM-CSF DC in doing so. 
15 To further study the maturation status of IL-3/IFN-p DC, the inventors analyzed their 
expression of CD83 and DG-LAMP which are established markers of mature DC. As 
shown in fig 6. both markers were absent on resting IL-3/IFN-p DC but were clearly 
upregulated upon LPS stimulation (fig 7), 

20 Production of cytokines by tL-S/IFN-jS DC 

IL-3/IFN-P DC spontaneously secreted IL-6, iL-8, IL-12 (p40) and TNFa. As compared to 
GM-CSF/(L-4 DC, IL-3/IFN-p DC produced less IL-12 (p40) whereas their secretion of IL-8 
was slightly higher (table 1). As it is the case for 1L-4/GM-CSF DC, both LPS and CD40 
ligation induced by CD40L transfectants upregulated the synthesis of cytokines by IL- 

25 3/IFN-p DC. As compared to GM-CSF/IL-4 DC. IL-3/IFN-P DC produced lower levels of 
TNF-a in response to LPS. higher levels of IL-6 and lL-8 in response to CD40L, and much 
lower levels of iL-12 (p40) and IL-12 (p70) regardless the stimulus considered. 
To analyze the production of IFN-a. the inventors included as additional stimuli 
formaldehyde-inactivated influenza virus and Poly (l:C) which mimicks viral double- 

30 stranded RNA. As shown in table 2, Poly (l:C) was the only stimulus inducing IFN-a 
production by IL-3/IFN-p DC. Under this condition, IFN-a levels secreted strongly by IL- 
3/IFN-p DC were more than ten-fold higher tiiat those produced by IL-4/GM-CSF DC 
(128±24 pg/ml, p<0.05) (figure 12). 



35 
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T cell activation induced by IL-S/lFN-p DC 

To evaluate the ability of IL-3/IFN-p DC to elicit naive T cell responses, mixed leucocyte 
cultures were prepared between cord blood CD4* T cells and either IL-4/GM-CSF or IL- 

5 3/IFN-I3 DC. At all stimulator/responder ratios, IL-3/IFN-p DC were as efficient as GM- 
CSF/IL-4 DC to induce naive CD4* T cell proliferation (fig 8A). In subsequent experiments 
designed to analyze the profile of cytokines secreted by T cells upon exposure to 
allogenic DC, mixed lymphocyte cultures were prepared using adult CD45FIA'' CD4"' T 
cells as responder cells. As shown in fig 8B. IL-3/iFN-p DC induced the production of 

10 large amounts of IFN-^ much higher than to those elicited by IL-4/GM-CSF DC. To 
determine whether IL-12 was involved in the induction of IFN-y production, the inventors 
added a neutralizing anti-iL-12 antibody to the mixed leucocyte cultures. IH2 
neutralization inhibits more than 60% of the IFN-y production whatever the DC type 
considered (data not shown), indicating that the low levels of IL-12 secreted by IL-3/IFN-p 

15 DC contribute to their ability to elicit IFN^ production by T cells. Likewise, IL-3/IFN-p DC 
also induced IL-5 production in mixed leucocyte culture and were also much more efficient 
than IL-4/GM-CSF DC in that respect (fig 8B). 

Discussion 

20 Among DC population, distinct lineages were defined according to the expression of 
surface molecules. CD11c* CD123" DC display feature of myeloid lineage and depend on 
GM-CSF for their survival The IL-3-dependent CD11c" CD123* DC are thought to 
belong to lymphoid lineage ^ although Olweus e* a/, showed that in the T cell-dependent 
areas of human lymphoid organs, a large subset of DC expressing high levels of IL-3Ra 

25 belong to a myeloid r!neag.e^®. The experiments described by the Inventors demonstrate 
that monocytes cultured in IL-3 and IFN-p give rise to a distinct type of DC expressing 
high level of both CD11c and CD123 surface molecules. In addition to their morphology, 
their dendritic cell nature was further established by their capacity to induce proliferation of 
naive CD4* T cells in MLR. Interestingly, IL-3 was previously shown to cooperate with 

30 tumor necrosis factor in the generation of dendritic/Langerhans cells from CD34* 
hematopoietic progenitor cells^. As the starting population in the experiments, performed 
by the inventors, consists of purified monocytes and the IL-3/IFN-p DC differ from the 
dendritic/Langerhans cells in terms of CD1a and CD14 expression, it appears that IL-3 
can promote differentiation of distinct DC populations. 
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Recently. IFN-p have been shown able to enhance maturation of monocyte-derived DC^^ 
As compared to classical DC generated in GM-CSF and IL-4, iL-3/IFN-P DC are at a 
higher stage of maturation, as indicated by their increased surface expression of 
costlmulatory and HLA nnolecules. Decreased endocytic capacity of IL*-3/IFN-p DC may 

s also reflect their higher maturation leveF. As far as cytokine production is concerned, IL- 
3/IFN-p DC secrete much lower level of IL-12 as compared to GM-CSF/IL-4 DC. This 
could be related to their higher stage of maturation, as DC maturation was previously 
shown to result in a lower production of IL-12^, Moreover, IFN-P might directly inhibit IL- 
12 synthesis by DC^^ The fact that IL-3/IFN-p DC exhibited less endocytosis capacity may 

10 also reflect their higher maturation level. Although displaying several features suggestive 
of a higher degree of maturation than IL-4/GM-CSF DC, IL-3/IFN-p DC should not be 
considered as fully mature as they do not express CD83 and DC-LAMP. However, these 
markers clearly appeared upon LPS stimulation as in the case of IL-4/GM-CSF DC. 



15 A previous study observed that DC differentiated from monocles cultured in presence of 
IFN-p and GM-CSF are short-lived^'. In this report, the present inventors demonstrate that 
IL-3 rescue monocytes cultured in presence of IFN-p from apoptosis, and allow them to 
differentiate into mature DC. These observations demonstrate a cooperating effect of IL-3 
and IFN-p on cell survival and differentiation. Little is known on the effect of both type I 

20 and type II IFNs on IL-3 receptor expression. The effect of type I IFNs on IL-3Ra 
expression has never been assessed, but IFN-7 proved to upregulate lL-3Ra expression 
in human endothelial cells iVIoreover, IFN-y has been shown to have a synergistic effect 
with IL-3 on the growth of immature human hematopoietic progenitors^, though this effect 
was not correlated with upregulation of IL-3Ra expression^. Nevertheless, IL-3 is well 

25 known to stimulate monocyte differentiation from myeloid progenitors and their activation 
More recently, IL-3 proved to be a critical survival factor for IL-3Ra* precursors of DC 
isolated from human blood, lymph nodes and bone marrow 

Despite their low level of IL-12 production, IL-3/IFN-p DC stimulate high level of IFN-y 
30 production from adult CD4* T cells, suggesting that they use other factors or membrane 
molecules to elicit the synthesis of Th1 cytokines. Indeed IL-12 independent pathway of 
IFN-y were recently described ^^'^"^'^^^^ However, the reduced IFN-y levels measured upon 
IL-12 neutralization indicate that IL-12 contributes to the function of lL-3/IFN-p DC. Taken 
together, the data as presented in present invention indicated that IL-3/IFN-P DC differ 
35 from the CD4* CD3' CD 11c" IL-3Ra^ plasmacytoid cells isolated from peripheral blood 
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described by Grouard et al. °, as the latter cells proved to be poor inducers of IFN-^ in 
MLR. 

The capacity of IL-3/IFN-p DC to produce high levels of IFN-a upon Poly l:C stimulation 
might be relevant to their effects in the setting of viral infections^. This response to Poly 
5 l:C is consistent with their myeloid origin ^. Interestingly, IL-3/IFN-p DC respond low to 
influenza virus in relation with the induction of MxA by IFN-p ^. The differential 
responsiveness to Influenza vims and Poly (l:C) is consistent with the fact that Poly (l:C) 
acts on the protein kinase R expressed in the cytoplasm whereas surface receptors are 
involved in responses to whole viruses^^. 

10 

Monocyte-derived IL-4/GM-CSF DC are now used clinically as tools to induce antitumor 
immunity^°. Herein, the inventors show that IL-3/1FN-P DC are more efficient ttian IL- 
4/GM-CSF to elicit IFN-y and IL-5 production by helper T cells. This might be relevant to 
cancer vaccination as both cytokines were found to synergize in tumor rejection'^\ 
15 Because of their ability to induce the production of both IFN-y and IL-5 and their easy 
generation from peripheral blood monocytes, the inventors suggest that IFN-p/IL-3 DC 
might be of interest for the development of new cancer therapies based on DC. 

Summary of example 1: 

20 The inventors observed that interferon-p (IFN-p) prevented the down-regulation of the 
interleukin-3 receptor a chain (IL-3Ra) which spontaneously occurs during culture of 
human monocytes. The functionality of the IL-3R was demonstrated by the fact that IL-3 
rescued IFN-p-treated monocytes from apoptosis. Whereas more than 90% monocytes 
died after 6 days of culture in IFN-P alone, 65% of cells were still alive in presence of IL-3 

25 and IFN-p. The inventors then found that monocytes cultured in presence of IFN-p and IL- 
3 acquire a dendritic morphology and express high levels of Hl^ class I and class II and 
costimulatory molecules such as CD40, CD54, CD80 and CD86. When stimulated by 
either lipopolysaccharide (LPS) or fibroblasts expressing CD40 ligand (CD40L 
transfectants), DC generated in IFN-p and IL-3 (IL-3/IFN-p DC) secreted high levels of IL- 

30 6, IL-8 and tumor necrosis factor (TNF)-a, but only very low levels of IL-12 in comparison 
with DC generated in IL-4 and granulocyte-macrophage colony-stimulating factor (IL- 
4/GM-CSF DC). The inventors found that IL-3/IFN-p DC induced a vigorous proliferative 
response of allogenic cord blood T cells. In mixed leucocyte culture with adult CD4* T 
cells. 1L-3/IFN-P DC elicited the production of high levels of both IFN-y levels and lL-5. 

35 Finally, IL-3/IFN-P DC were found to produce much higher levels of IFN-a than IL-4/GM- 
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CSF DC in response to Poly (l:C). The inventors conclude that nnonocytes cultured In 
presence of IL-3 and IFN-p differentiate Into DC with potent helper T cell stimulatory 
capacity despite their low expression of IL-12. 

5 

Example 2 Human monocyte-derived dendritic cells generated in IL-S and IFN-fi induce 
apoptosis of tumor cell lines. 

It was proven by the inventors that human monocyte -derived DC generated from 

10 periferal blood mononuclear cells by culture in interleukin (IL)-3 and interferon(IFN)-p (IL- 
3/IFN-p DC) may be used in clinical trials as tool to induce anti-tumor responses in vivo^^ 
^. In order to determine whether IL-3/IFN-P DC are able to induce programmed cell death 
in tumor cells, those cells were co-cultured with a panel of tumor ceil lines (Juricat cell line, 
the Molt-4 cell line (obtained from the Institut Pasteur, Lille, France); Cem cell line 

15 (obtained fron Dr. T. Velu (ULB, Brussels, Belgium), 786.0, A498 and Caki 2 cell lines 
provided by Dr. R. Kiss (ULB, Bussels, Belgium);Daudi cell lines purchased from ATCC). 
The percentage of DNA fragmentation into target cells was measured using the jam test 
Briefly, target cells were labeled with 5|jCi/ml of [^H] thymidine by overnight incubation at 
37°C. Labeled target cells were harvested, washed and seeded in 96 well U-bottom plates 

20 at a density of 10 000 cells/well. Effector cells were washed and added to the target cells. 
After 18h, intact nuclei (unfragmented high M.W, DNA) were harvested using a micro 96 
harvester and radioactivity was measured on a micro plate beta counter. Data were 
expressed as percentage of DNA fragmentation calculated by the following fomnula: [1- 
(cpm with effector / cpm without effector)] X100. The present inventors observed that IL- 

25 3/iFN-p DC at a ratio of E:T=10:1 exhibit significant cytotoxic activity against 6 out 8 tested 
tumor lines. As shown in fig 9, IVlolt-4, Jurist, 786.0, A498 and Caki2 cell lines were 
susceptible to IL-3/IFN-p DC-mediated apoptosis, as well as Daudi cells although to a 
lesser extent. On the other hand, Cem cells were resistant 

The observation that monocyte-derived IL-3/IFN-p DC are able to trigger apoptosis in 
30 tumor cells is relevant to their therapeutic use as anti-tumor vaccines. Indeed, recent 
reports demonstrated that human IL-4/Gi\/I-CSF DC can process apoptotic cells and 
cross-present the derived antigens in a IVlHC-class I restricted fashion, resulting in the 
induction of efficient cytotoxic T cell responses"^^"^. Therefore DC which are directly 
injected into tumors will first induce apoptosis of cancer cells, and finally migrate in the 
35 lymph nodes where they induce tumor-specific T-cell responses. 
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Example 3: ANTI-E? response induced by IFN-b/IL-S DC as compared to GM'CSF/IL''4 
DC (figure 10). 

5 Material and methods: 

DC were generated from PBMCs of healthy blood donors by a 5 day culture In presence 
of either GM-CSF (800 lU/ml) and IL-4 (500 iU/ml) (GM DC or IL4/CSF DC) or IL-3 (50 
lU/ml) and IFN-p (1000 IU/ml) (13 DC or IL3/ IFN-p DC). After collection, these cells were 
pulsed for 2 hours with the E7 protein (20 \iglrx\\) at ZT'C in 5% C02 atmosphere and 

10 activated or not with LPS (1 pg/ml, overnight stimulation). E7 pulsed DC were cocultured 
with autologous purified CD4+ T cells at a 1:10 ratio for 6 days. ELISPOT, ELISA and flow 
cytometry (intra-cellular staining) assessing IFN-y production were used as read-out 
system. 

15 Results: 

The data of these experiments show that non-activated 13 DC are at least equivalent or 
even superior to LPS stimulated GM DC for the induction of anti-E7 responses. As E7 is a 
protein derived from HPV 16, a virus involved in the pathogenesis of the cancer of the 
cervix, these data are relevant for the design of new cancer vacclnes/immunotherapy. 

20 
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Table 1, Cytokine produc tion by monocvte-derlved PC 
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Stimulation Cells Cytokine levels (ng/ml) 







TNFa 


IL-6 


IL-8 


IL-12 (p40) 


11^12 (p70) 


None 


GM-CSF/IL-4 


0.59 ±0.26 


0.31 ±0.16 


1.73 ±0.75 


<0.02 


<0.01 




IL-3/1FN-P 


0.81 ±0.21 


0.86 ±0.17 


6.40 ±2.95* 


0.29 ±0.13 


<0.01 


LPS 


GM-CSF/IL-4 


32.9 ±7.13 


16.6 ±4.97 


88.0 ±14.3 


68.7 ±20.0 


0.04 ±0.01 




IL-3/IFN-P 


18.1 ±322* 


11.6 ±2.59 


69.6 ±13.3 


3.8 ±1.53* 


<0.01* 


3T6 


GM-CSF/IL-4 


0.56 ±0.55 


0.45 ±0.25 


3.45 ±1.27 


0.12±0.05 


<0.01 




IL-3/IFN-P 


LOS ±1.08 


0.12 ±0.10 


12.0 ±2.88* 


0.03 ±0.02 


<0.01 


3T6-40L 


GM-CSF/IL.4 


2.86 ±0.80 


2.55 ±0.45 


15.0 ±2.79 


43.0 ±19.0 


0.38 ±0.14 




IL-3/IFN-P 


4.06 ±0.81 


7.46 ±2.17* 


117.2 ±41.1* 


7.41 ± 1.50* 


0.03 ±0.01* 



p < 0.05 as compared to DC generated in GM-CSF and IL-4 (Wilcoxon's test). 
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Table 2. Polv (1:C^ induces IFN>a Productio n by IL-3/IFN-B DC 



IFN-a level 



Stimulation n (pg/ml) 

None 11 <12 

3T6-CD40L U <12 

LPS 11 41 ±9 

Influenza virus 6 90 ±48 

Poly(I:C) 11 1873 ±236 
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Claims 

1. A method for differentiation and maturation of monocytes into IL3-R+ CDHch- 
myeloid dendritic cells comprising incubating said monocytes with a combination of 

5 IFN-p and IL-3, or functional analogues thereof. 

2. A method according to claim 1, whereby lL-3 and IFN-p are added to the monocytes 
simultaneously, sequentially or separately. 

10 3. A method according to claim 1 or 2 wherein IFN-p is present at a concentration of 
between 10 and 20000 U/ml. 

4. A method according to claim 3 wherein IFN-p is present at a concentration of 1000 
U/ml. 

15 

5. A method according to any of claims 1 to 4 wherein IL-3 is present at a concentration 
between 1 and 1000 U/ml. 

6. A method according to claim 5 wherein IL-3 is present at a concentration of 50 U/ml. 

20 

7. A method for obtaining a population of IL3-R+ CD11c+ myeloid dendritic cells 
according to any of claims 1 to 6, comprising at least the following steps: 

(a) isolating monocytes from a patient, and, 

(b) incubating said monocytes in the presence of IFN-p and IL-3 or functional analogues 
25 thereof, 

8. A method to produce a population of antigen presenting IL3-R+ CD11c+ myeloid 
dendritic cells according to any of claims 1 to 7. comprising at least the following 
steps: 

30 (a) isolating monocytes from a patient, 

(b) incubating said monocytes in the presence of IFN-p and IL-3 resulting in IL3-R+ 
CD11c+ myeloid, and, 

(c) presenting a peptide on the surface of said dendritic cells. 



wo 02/40646 



PCT/EPOl/13189 



35 

9. A method according to claim 8, wherein the capacity of presenting a peptide on the 
surface of said dendritic cells is achieved by contacting said dendritic cells with at 
least part of an antigen difFerentially expressed on a cell. 

5 10. A method according to daim 8, wherein the capacity of presenting a peptide on the 
surface of said dendritic cells is achieved by pulsing said dendritic cells with antigenic 
proteins. 

1 1 . A method according to claim 8, wherein the capacity of presenting a peptide on the 
10 surface of said dendritic cells is achieved by loading said dendritic cells with antigenic 

peptides. 

12. A method according to claim 8, wherein the capacity of presenting a peptide on the 
suri'ace of said dendritic cells is achieved by transfonning/transducing said dendritic 

15 cells by nucleic add molecules coding for at least part of said antigen. 

13. A method according to daim 12, wherein said antigen is expressed on the surface of 
said transformed/transduced dendritic cell. 

20 14. A method according to claim 8 wherein the capacity of presenting a peptide on the 
surface of said dendritic cells is achieved by fusing said dendritic with cells carrying 
specific antigens. 

15. A method for activating a T cell using IL3-R+ CD11c+ myeloid dendritic cells 
25 obtainable by a method as described in the previous claims comprising at least the 
following steps: 

(a) isolating monocytes from a patient, 

(b) incubating said monocytes in the presence of IFN-p and IL-3 to provide a population of 
IL3-R+ CD11C+ myeloid dendritic cells. 

30 (c) presenting a peptide on the surface of said dendritic cells, thereby providing a 
population of antigen presenting dendritic cells; and, 
(d) activating a population of T cells with said population of antigen presenting dendritic 
cells. 

35 1 6. A method according to daim 1 5 wherein said T cell is a T helper cell. 
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17. A method according to claims 1 to 16 wherein steps of producing a population of IL3- 
R+ CD11C+ myeloid dendritic cells and/or antigen presenting IL3-R+ CD11c+ myeloid 
dendritic cells and/or activated T ceils using antigen presenting IL3-R+ CD11C+ 
myeloid dendritic cells occur in vitro and/or in vivo. 

5 

18. A population of IL3-R+ CDIIc^ myeloid dendritic cells, a population of antigen- 
presenting IL3-R+ CD11C+ myeloid dendritic cell or a population of activated T cell 
obtainable by a method according to any of claims 1 to 17, or a combination thereof. 

10 19. A method to further stimulate a population of ILS-R-i- CDUch- myeloid dendritic cells 
according to claim 18, whereby said dendritic cells are additionally Incubated with a 
stimulant. 

20. A method to further stimulate a population of IL3-R+ CD11c<- myeloid dendritic cells 
15 according to claim 19 whereby said stimulant is chosen from a group comprising virus, 

bacterium, LPS, nucleic acid, functional derivatives or a combination thereof. 

21. A population of stimulated IL3-R+ CD11c+ myeloid dendritic cells obtainable by a 
method according to claim 19 or 20. 

20 

22. A composition for use as a medicament or a cell based product intended for clinical 
use comprising at least one of the following combinations of components: 

- IL-3 and IFN-p or functional analogues thereof, 

- IL-3 and IFN-p or functional analogues thereof mixed with antigen and/or stimulant, 
25 - a population of monocytes mixed with IL-3 and IFN-p or functional analogues thereof, 

- a population of monocytes mixed with IL-3. IFN-p or functional analogues thereof and 
antigen and/or stimulant. 

- a population of IL3-R+ CD1 1 c+ myeloid dendritic cells, 

- a population of IL3-R+ CD11c+ myeloid dendritic cells mixed with antigen and/or 
30 stimulant, 

- a population of antigen-presenting IL3-R+ CD1 1c+ myeloid dendritic cells, or, 

- a population of activated T cells obtainable using antigen-presenting IL3-R+ CD11c+ 
myeloid dendritic ceils, 

whereby said IL3-R+ CD11c+ myeloid dendritic cells are unstimulated or stimulated using 
35 a method according to claim 19 or 20, or a combination tiiereof. 
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23. A composition according to claim 22 supplemented with at least one additional 
cytokine. 

24. A composition according to claim 23 wherein said cytokine is chosen from a group 
5 comprising IFN-a, IFN-p, IL-3 and IL-12. 

25. Use of a composition according to any of the claims 22 to 24 for the preparation of a 
medicament for treating cancer, infections and autoimmune diseases. 

10 26. A phamiaceutical composition comprising a phamrtaceutically acceptable carrier and 
the components of a composition as described in any of the claims 22 to 24. 

27. A method of killing a target cell comprising contacting said target cell with a 
population or a composition according to any of the claims 18, 21 , 22 to 24 and 26. 

15 

28. A method according to claim 27. wherein said target cell is selected from the group 
consisting of a cancer cell, a bacterial cell, a parasitically infected cell or a virally- 
infected cell. 

20 29. An in vitro screening method using a population of IL3-R+ CD11c+ myeloid dendritic 
cells, a population of antigen-presenting IL3-R+ CD11c+ myeloid dendritic cells, a 
population of stimulated IL3-R+ CD11c+ myeloid dendritic cells, a population of 
stimulated antigen-presenting IL3-R+ CD11c+ myeloid dendritic cells or a population 
of activated T cells obtainable by a method according to any of the claims 1 to 17 and 

25 19 to 20. 

30. Use of a population of IL3-R+ CD1 1c+ myeloid dendritic cell, a population of antigen- 
presenting IL3-R+ CD11C+ myeloid dendritic cells, a population of stimulated IL3-R+ 
CD11C+ myeloid dendritic cells, a population of stimulated antigen-presenting IL3-R+ 

30 CD11C+ myeloid dendritic cells or a population of activated T cells obtainable by a 
method according to any of the claims 1 to 17 and 19 to 20, for the preparation of in 
vitro screening assays. 

31. A method for detecting T cell mediated activity of a target antigenic peptide. 
35 comprising at least the following steps: 
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(a) providing a population of antigen-presenting IL3-R+ CD11c+ myeloid dendritic cells 
obtainable according to a method of any of the claims 1 to 17 and 19 to 20, 

(b) contacting a T cell with said dendritic cell, thereby providing an activated T cell, 

(c) contacting a target cell with said activated T cell, and, 

5 (d) monitoring the effect of said activated T cell on said target ceil, thereby detecting anti- 
target activity, 

whereby said IL3-R+ CD11c+ myeloid dendritic cells are unstimulated or stimulated using 
a method according to claim 19 or 20, or a combination thereof. 

10 32. A kit for detecting T cell mediated activity of a target antigenic peptide, comprising at 
least one combination of components chosen from the following list: 

- IL-3 and IFN-p, or functional analogues thereof, 

- IL-3 and IFN-p or functional analogues thereof mixed with antigen and/or stimulant, 

- a population of monocytes mixed with IL-3 and IFN-p or functional analogues thereof, 
15 - a population of monoQrtes mixed with IL-3. IFN-p or functional analogues thereof and 

antigen and/or stimulant, 
. a population of IL3-R+ GD1 1 c+ myeloid dendritic cells, 

- a population of IL3-R+ CD11c+ myeloid dendritic cells mixed with antigen and/or 
stimulant 

20 - a population of antigen-presenting IL3-R+ CD1 1 c+ myeloid dendritic cells, or 

- a population of activated T cells obtainable using antigen-presenting IL3-R+ CD11c+ 
myeloid dendritic cells, 

whereby said IL3-R+ CD11c+ myeloid dendritic cells are unstimulated or stimulated using 
a method according to claim 19 or 20. or a combination thereof. 

25 

33. Use of a composition according to any of the claims 22 to 24 and 26 as a vaccine 
adjuvant 

34. Vaccine adjuvant comprising a composition according to any of the claims 22 to 24 
30 and 26. 

35. A method of immunizing against a disease In humans or animals comprising 
administering a vaccine comprising an adjuvant of claim 34. 

35 36. A method of treatment of cancer, Infections and autoimmune diseases comprising the 
use of a composition according to any of the claims 22 to 24 and 26. 
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37. A method of treating cancer comprising administering to a person in need of treatment 
a therapeutically effective amount of the composition of any of claims 22 to 24 and 26, 
wherein the antigen is a tumor specific antigen. 

5 

38. A method of treating infections comprising administering to a person in need of 
treatment a therapeutically effective amount of the composition of any of claims 22 to 
24 and 26, wherein the antigen is an infectious specific antigen. 

10 39. A method of claim 38 wherein said infection is selected from the group of HIV, human 
Papilloma virus, Ebstein Banr virus and Cytomegalovirus. 

40. A method of treating autoimmune disease comprising administering to a person in 
need of treatment a therapeutically effective amount of the composition of any of 

15 claims 22 to 24 and 26, wherein the antigen to be modified is a self-protein. 

41. A method of daim 40 wherein said autoimmune disease is selected from the group 
consisting of multiple sclerosis myasthenia gravis, juvenile chronic arthritis, chronic 
arthritis, LED, atopic dermatitis and juvenile diabetes. 

20 

42. A method of treatment according to any of claims 36 to 41 , whereby the injection in 
the patient is carried out intravenously, intra-lymphoidal or intratumoral. 
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